Molecu lar dynamics ca lc ulalions were made for Ihree Ihe rmod ynami c slales of a model of liquid rubidium and for two sla tes of the Le nnard-J ones fluid in order 10 investigate the influe nce of densil y, te mpe rature a nd interatomic polential on Ihe spectra of densit y flu ctuati ons in Ihese fluid s. Here the results for the intermediate scalt ering fun c lion, Ihe radial di stribution fun cli on, the velocity autocorrelation fun clion and Ihe Iransverse mome nlum autocorre lalion fun c lion a re prese nled in tabular form . The procedures employed in Ihi s study a re discussed and the major fea tures of these func tions are desc ribed.
Introduction
One of the most important ways of studying collecti ve effects in liquids is the observation of density flu ctu ations [1] .1 These can be observed experime ntally using inelastic coherent neutron scattering. Molecular d ynamics compute r simulations also provide a way of studying de ns ity flu ctuations, since th e simulations allow one to calc ulate the flu ctuations in model syste ms. Studies us ing th ese techniques have revealed a striking difference between the dynamical properties of liquid rubidium and the rare gas fluids: liquid rubidium has been found to s upport sound modes with wavelengths only 11/4 times the interparticle separation, both experimentally [2] and in simulati ons [3] , while the rare gas liquids [4] and the Le nnard-Jones liquid • [5] cannot support sound waves with wavelengths less than four times the interparticle separation.
We have used molecular dynamics, to study the properties of these two systems -simulated rubidium and the LennardJones fluid. The liquid states which we studied were chosen so that we could determine the relative importance of the density, the te mperature, and the interatomic potential as the variables which could be responsible for the remarkable difference between these fluid s. Our conclusion was that the interatomic potential is th e main source of this difference. The anal ys is whi ch led to this conclusion is presented in ref. [6] .
In this article we present our results for various quantities describing the microscopi c properties of these liquids, as well as tabulated values of th e fun c tions considered in ref. [6] . The quantities whic h we have evaluated are: g2(r) , the pair correlation fun ction ; F(Q,t), the intermediate scattering fun ction; tjJ(t), th e s ingle particle veloc ity a utocorrelation fun ction; and C r(Q, t), th e time autocorrelation of th e transverse momentum current. An analysis of th e relative motion of pairs of atoms, whic h is based on th ese molecular dynamics coordinates, is presented in ref. [7] .
We studied a relatively s mall system of 250 atoms. This means th at some de ta ils -for example th e line shape of the sound modes -were not prope rly accessible in this stud y. On the other hand , us ing a smaller system made it feasible to perform more calculations, so that we could syste matically vary the density and te mperature.
The states which we examined can be spec ified by givin g the reduced density and te mperature. The re du ced density is defined by ( I) where N atoms are in volume V and th e length CT corresponds to the smallest ze ro of th e pair pote ntial. The reduced temperature is defin ed by scaling th e temperature with th e potential well depth E, al. [8] to represent the interaction between the rubidium ions. Rahman [3] showed that this potential provides a faithful representation of density fluctuations in the liquid rubidium state which was studied by neutron scattering in ref. [2] . It is therefore likely that our results for the other states are also appropriate to the physical system. A brief description of how the potentials were constructed is in ref. [9] . In figure 1 we show the effective pair potential for rubidium at a reduced density n* = 0.855. The potential used for rubidium at n * = .951 would be almost indistinguishably different if it were plotted in figure 1. The other potential which we used, the Lennard-Jones 12-6, provides results which are generally taken to be typical of the rare gas liquids but are not those of any real liquid. The molecular dynamics calculations were performed on a collection of 250 particles with cubical periodic boundary conditions. The particles were assumed to interact through a pair-wise additive potential truncated at about 2 (T. The arrow in figure   1 indicates where the rubidium potential for density n * = .855 was truncated. Newton's equations of motion for the 250 particles were solved using an iterative procedure developed by Tsai. [10] This scheme conserves the energy and the momentum of the system. The time steps used in the integration procedure are listed in tables 1 and 2. The time scale in table 2 is determined by assuming that the atoms have the atomic mass of Argon.
The input needed for a calculation includes the potential, the density , initial values for positions and velocities of the particles, and the energy . The energies were obtained from Monte Carlo calculations of the internal energy for the densities and temperatures of interest [11] . Initial values for the positions and velocities were obtained by taking values from an earlier liquid state simulation, rescaling the velocities, and integrating the equations of motion with the new potential until the kinetic energy stabilized around the desired value. We found this to be a good indication that equilibrium conditions have b een achieved provided that spatially disordered initial positions were used. The positions and velocities resulting from this process were taken as initial conditions for our simulation. Each simulation consisted of 2000 time steps of length !::.t. The coordinates and velocities were stored on magnetic tape for subsequent analysis.
The next section contains a description of how the quantities were constructed, tables of the results and a discussion of the major features of each function.
Results

Radial distribution function
We evaluated the equilibrium radial distribution function [l2] for each fluid by determining the distance between each pair of particles (minimized by considering replicas of the particles as generated by the periodic boundary conditions). These distances were then sorted into bins of length O.Ol(T. The bin counts were accumulated over 600 sequential time steps and then appropriately normalized. The results are presented in table 3. The number of counts in one bin varied from 10 4 to 1()5 so that the statistical errors are on the order of 1 percent. The largest r for which we could sensibly evaluate the pair correlation function g2 (r), is one-half the period of the spatial boundary condition; this maximum is approximately 3.2(Tfor these densities.
The radial distribution functions for these fluids do not differ strikingly from each other. The only readily apparent difference is that g2 (r) for a Lennard-Jones fluid shows a more rapid initial increase from zero and a sharper first maximum than the g2(r) for any of the rubidium states. This is a natural result of the harder core of the Lennard-Jones potential. 
where L is th e size of th e syste m. For given Q, we first evaluated N Q(t) for eac h of th e 2000 available t values.
These coefficients were th e n us ed to construc t products We have not attempted further line shape studies as the details are obscured by this noise. 
N Q(t + T) N_Q(T)
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Velocity autocorrelation function
The normalized velocity autocon'elation fun ction is defined as
Our results for tf;(t) are presented in table 9. These were obtained by averaging over the 750 veloc ity compone nts and over 20 time origins separated by 100 time steps. For such an average, the expected fluctuations of tf;(t) about zero as t ~ 00 are on the order of 0.01.
Representative results are plotted in figure 2a for rubidium (RB3) and in figure 2b for the Lennard-Jones fluid (LJl). The fun ctions for rubidium are much more oscillatory than those for the Lennard-Jones fluid. This is in accord with previous observations of other states of these fluids [12, 13] and with theoretical results suggesting a correspondence between osc illating veloc ity autocorrelation functions and propagating short wavele ngth sound modes [14] .
Transverse current correlation function
One of the characteristics of a liquid is the inability to support a shear stress. However, it is possible to consider transverse momentum currents in liquids since these currents do not involve particle displacements. Rahman showed that, for sufficiently large wavevectors, an appropriately defined transverse momentum c urrent took on the c haracter of a propagating mode . [15] . The transverse curre nt variable is
where v l is the projection of the velocity of particle j onto the plane perpendicular to Q. The transverse current correlation function is then
---- The rubidium functions contain damped oscillations about zero while the Lennard-Jones fun cti ons do not.
Our results for C T(Q , t) /CT(Q , 0) are listed in tables 10-14. We evaluated them by the same procedure used to construct F(Q , t) , as described above, except that the average includes two polarizations. The expected flu ctuations about zero as t ~ 00 are on the order of 0.03.
The trend of these fun ctions with increasing Q is shown in figure 3 for the states RBI and RB3. For Q's much smaller than those available in present computer simulations, the longtime behavior of C T(Q , t) is expected to be (10) where TJ is the shear viscosity of the liquid [1]. We have noted that the function displayed in figure 3e goes over to an TA RLE 12 . TRANSVERSE CURRE NT CORRE LATION .UNCTIONS FOR R83. 
Concluding Remarks
The d ynam ical properti e s of th e two fluids considered here are quite differe nt. The Illost obv ious differe nce is the striking disparity in the spectra of d ensity flu ctuations_ However, th e results whic h we have obtained for the other fun ctions, espec ially th e veloc ity autocorrelation function, confirm previous suggestions that the difference is more pervasive. In general, liquid rubidium appears to be more resilient and elastic than the Lennard-Jones fluid. While it is plausible that this behavior would result from the softer core of the potential in rubidium, formulating a theory which quantifies this intuition remains as an outstanding problem in the theory of liquids. Time, li t (g) .634A -I ; (h) .845A -1. These functions show the e ffect of increasing Q on t he transverse current correlations. Similar res ult s obtai n for the Lennard-lones nuicls as is indicated in tables 13-14.
